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(57) ABSTRACT

The mnvention relates to a painting booth for coating com-
ponents, particularly for painting motor vehicle body com-
ponents, with a booth wall (10) and a coating agent line (1),
which runs from the exterior of the booth through the booth
wall (10) into the interior of the booth. The nvention
proposes that the coating agent line (1) has an electrically
conductive and axially running potential-compensating ele-
ment (15) inside the line for electrically connecting the
coating agent inside the line to an electrical reference
potential, said potential-compensating element (15) extend-
ing from the exterior of the booth through the booth wall
(10), so that the free end of the potential-compensating
clement (15) 1s inside the booth.

14 Claims, 2 Drawing Sheets
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COATING AGENT LINE WITH GROUNDING
ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and 1s a National Phase
ol International Application No. PCT/EP2013/000226, filed
on Jan. 25, 2013, which claims priornty to German Appli-
cation No. 10 2012 001 563.1, filed on Jan. 27, 2012, which
applications are each hereby incorporated by reference 1n
their entireties.

BACKGROUND AND FIELD

Disclosed herein 1s a painting booth with a coating agent
line for conveying a coating agent, 1n particular 1n a painting
installation, with electrostatic coating agent charging. Fur-
ther disclosed 1s a corresponding manufacturing method for
a coating agent line of this type.

Modern painting installations to paint motor vehicle body
components usually include electrostatic coating agent
charging which electrostatically charges paint to be applied
so that the paint better adheres to a motor vehicle body
component to be painted, which 1s therefore electrically
grounded.

One possibility for electrostatic coating agent charging of
this type 1s so-called direct charging, wherein the paint to be
applied 1tself 1s electrostatically charged and therefore 1s at
a high electric potential even 1n the coating agent lines
within an applicator (e.g. an atomiser, etc.).

The actual pamting in the direct charging example 1s
usually performed by a painting robot within a painting
booth, whereby the painting robot 1s supplied with the paint
to be applied through coating agent lines. These coating
agent lines run from a paint supply located outside the
painting booth to an atomiser on the painting robot, whereby
the painting robot additionally carries a high voltage cascade
in order to electrostatically charge the paint to be applied.
The high voltage necessary for the electrostatic coating
agent charging inside the painting booth 1s a source of
danger so that a fire protection device (e.g. sprinkler system,
CO, extinguishing system, fire protection sensor) 1s installed
inside the painting booth which can react 1n the case of fire
to prevent the high voltage of the electrostatic coating agent
charging from causing a fire or other damage.

In addition, these conventional painting installations usu-
ally have an grounding interface which 1s arranged inside the
painting booth or at least at the booth wall and electrically
grounds the coating agent lines here. This prevents any high
voltage potential along the coating agent line inside the
painting booth from escaping to the outside, which could
lead to a fire or other incident. This 1s made even more
important because the fire protection device 1s arranged
inside the painting booth and can only react to high voltage
related incidents which occur inside the painting booth. The
above-mentioned conventional grounding interfaces {for
coating agent lines usually have so-called grounding bulk-
head plates which are associated with different disadvan-
tages.

Firstly, grounding interfaces of this type require a high
number of hose screw connections via which the electro-
statically charged coating agent has a connection to the
respective grounding connection, whereby up to 56 hose
screw connections may be necessary for every painting
robot.
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Secondly, additional components are required for the
mechanical fixing of the conventional grounding interfaces,

such as mounting plates, bulkhead plates, bulkhead screwed
connections, strain relief, covers, sheeting, etc.

Further, with respect to the painting robots inside a
painting booth, different installation possibilities may exist
(e.g. top, bottom, directly at the booth wall or at a distance
to the booth wall) 1n accordance with the respective area of
use so that the grounding interfaces must also be adjusted
accordingly, which makes a standardisation of the grounding
interfaces diflicult or even impossible. In practice, additional
adjustment structures may frequently be necessary in-situ
when assembling a painting installation, which makes
assembly diflicult.

Furthermore, with respect to the state of the art, patent
application EP 1 300 435 A2 discloses a piggable coating
agent hose, whereby the mner surfaces of the coating agent
hose can be electrically conductive. Here, however, the
coating agent hose 1s electrically conductive over 1ts entire
length, which 1s not desired in the inventive coating agent
line because the electrical grounding of the coating agent
hose 1s to act only on the grounding side and not on the high
voltage side. This conventional, electrically conductive
coating agent hose 1s therefore not suitable 1n the presently
disclosed context.

A pamting booth 1s known from DE 35 26 013 C1 1n
which the high voltage generator 1s arranged outside the
painting booth.

Finally, reference 1s to be made to DE 24 55 161 OS, DE
1 965 509 OS, DE 1 246 478 AS and DE 973 208 PS with
respect to the state of art.

DESCRIPTION

Disclosed herein 1s improved electrical grounding of a
coating agent line in a painting booth.

An entire painting booth for coating components, particu-
larly for painting motor vehicle body components, has a
coating agent line that supplies an application device (e.g.,
rotary atomiser) located inside the painting booth with the
coating agent to be applied.

The coating agent line 1s led through a booth wall of the
painting booth from the booth exterior to the booth interior,
whereby a potential compensating element in the coating
agent line extends from the booth exterior through the booth
wall so that the free end of the potential compensating
clement and therefore the starting point of the grounding
interface 1s located in the booth interior. This 1s advanta-
geous because then additional fire protection devices are no
longer required 1n the booth exterior because no high voltage
potential 1s then located 1n this area.

A coating agent line (e.g., hose line) 1s provided that 1s
suitable for the provision of a coating agent (e.g., paint) 1n
a coating installation, 1n particular in a painting installation
with electrostatic coating agent charging. The coating agent
line has, in compliance with the state of the art, a hollow
inner space for the provision of the coating agent and a line
wall encompassing the hollow inner space of the line. The
inventive coating agent line also has an electrically conduc-
tive potential compensating element (e.g., an grounding
clement) 1 order to electrically connect the coating agent
(e.g., paint) 1n the hollow inner space of the coating agent
line with a reference potential (e.g., ground or ground
potential), whereby the potential compensating element
extends 1n an axial direction along the coating agent line.
Unlike the coating agent line mentioned 1n the introduction
in accordance with EP 1 500 435 A2, the potential compen-
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sating element 1s not, however, integrated in the wall of the
coating agent line, but 1s arranged 1n the 1nner space of the
line separate from the line wall.

In a preferred embodiment of the invention, the potential
compensating element (e.g. grounding element) 1s extended
in a longitudinal direction and connected at one end to the
reference potential (e.g. grounding or ground potential) and
its opposite Iree end extends axially into the mner space of
the coating agent line. The inventive potential compensating,
clement 1s therefore preferably 1n the shape of a lance and
can therefore be described as a grounding lance.

In operation, the electrically grounded potential compen-
sating element protrudes with its free end 1n the direction of
flow into the coating agent line so that the coating agent
column 1s electrically grounded upstream in front of the free
end of the potential compensating element, whilst the volt-
age of the coating agent 1 the coating agent column
downstream behind the free end of the potential compen-
sating element increases 1 an essentially linear manner 1n
relation to the distance to the free end of the potential
compensating element. The free end of the potential com-
pensating element therefore forms a starting point of the
inventive grounding interface and should therefore remain at
a constant position where possible in operation. However, 1n
operation different forces can act on the free end of the
potential compensating element, thereby causing a shift of
the free end of the potential compensating element. For
example, a change 1n the direction of flow of the coating
agent can lead to a corresponding shift in the potential
compensating element. However, the mmventive potential
compensating element may be embodied such that the axial
length of the potential compensating element does not
depend on the direction of tlow of the coating agent of the
coating agent line. In addition, the potential compensating
clement may not be compacted 1n an axial direction, 1.e., the
potential compensating element may be essentially rigid in
an axial direction.

Furthermore, it should be mentioned that the coating
agent line 1s usually led through a highly mobile painting
robot and 1s therefore subject to dynamic bending 1n opera-
tion, which also applies to the potential compensating ele-
ment located 1n the coating agent line. The potential com-
pensating element may therefore be flexible, in particular
clastically phable.

Furthermore, i1t 1s to be mentioned that the potential
compensating element may be made of an electrically con-
ductive material. One possibility for this 1s for the potential
compensating element to be manufactured solidly from an
clectrical material. Another possibility 1s for the potential
compensating element to consist of any material which can
also be electrically insulating, whereby the potential com-
pensating element then has at least one electrically conduc-
tive coating.

Furthermore, the potential compensating element can
consist ol a solvent-resistant and paint-resistant material
because 1n operation the potential compensating element 1s
exposed to solvents and paints. For example, the potential
compensating element can therefore be made of stainless
steel (VA steel).

Furthermore, the potential compensating element can
extend over only one part of the length of the coating agent
line because the coating agent column 1n the coating agent
line 1s not to be electrically grounded on the high voltage
side of the coating agent line. For example, the potential
compensating element can extend over a length of more than
50 cm, 1 m, 1.50 m, 2 m and/or over a length of less than
I0m, 9m, 8m, 7m, 6 m, 5 m, 4 mor 3 m. The desired
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position of the starting point of the grounding interface 1s
decisive for the length of the potential compensating ele-
ment, 1.¢. the desired position of the free end of the potential
compensating element. The starting point of the grounding
interface should therefore be inside the painting booth
because only then can the fire protection device located
inside the painting booth react to a high voltage related
incident. By contrast, 1f the starting point of the grounding
interface 1s outside the painting booth, additional fire pro-
tection devices would be necessary outside the painting
booth. In the invention the length of the potential compen-
sating element 1s therefore such that the free end of the
potential compensating element 1s inside the painting booth.

There are different possibilities with respect to the design
of the potential compensating element. In the simplest case
the potential compensating element 1s simply a wire which
protrudes 1nto the coating agent line. Another possibility for
the potential compensating element 1s a spiral coil which
protrudes 1nto the coating agent line. However, other
examples are possible with respect to the realisation of the
potential compensating element.

With respect to the coating agent line itself, it should be
mentioned that the coating agent line may be flexible, n
particular elastically pliable. The coating agent line can
therefore be a conventional coating agent hose as known
from the state of the art, which does not therefore need to be
described 1n more detail.

The line wall of the coating agent line can be partially or
completely an electrically insulating material 1 order to
clectrically msulate the partly electrostatically charged coat-
ing agent within the line interior relative to the outside.

Furthermore, the line wall of the coating agent line may
include at least internally a solvent-resistant and paint-
resistant matenial as 1s seli-evident.

It may already be derived from the above description that
the potential compensating element may be an grounding
clement, where the reference potential 1s an earth ground
potential or reference voltage ground potential. However,
corresponding coating agent lines are also possible in which
the potential compensating element charges the coating
agent within the coating agent line to a different reference
potential, for example to a high voltage potential.

A ground-side connecting element can be also provided
that 1s electrically grounded and connected on the ground
side with the coating agent line.

Furthermore, a voltage side connecting element may be
provided which lies on a high voltage potential and 1s
connected with the high voltage side of the coating agent
line.

The connection between the connecting elements and the
coating agent line can, for example, be made by a screwed
connection as known, for example, from the patent appli-
cation DE 103 13 063 Al.

It has already been explained above that the coating agent
line provides the possibility of arranging the starting point of
the grounding interface flexibly within the painting booth.

The painting booth can include electrostatic coating agent
charging which charges the coating agent electrostatically
by direct charging, which 1s known from the state of art and
which does not therefore need to be described 1n any more
detail.

Furthermore, the painting booth can have a fire protection
device which 1s installed 1n the mside of the painting booth,
in particular with a sprinkler system, a carbon dioxide
extinguishing system and/or a fire protection sensor.

The components can be painted in the pamnting booth by
a conventional painting robot with several mobile robot
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members, whereby the coating agent line 1s led through the
mobile robot members to the application device (e.g. rotary
atomiser).

Further, a corresponding manufacturing method 1s pro-
vided for the above described coating agent line. The
manufacturing method 1s mitially characterised by the fact
that the electrically conductive potential compensating ele-
ment 1s used 1n the hollow 1nner space of the coating agent
line.

In addition, the manufacturing method provides for the
potential compensating element to have a length such that
the free end of the potential compensating element and
therefore the starting point of the grounding interface 1s
inside the painting booth.

Other advantageous features are explained in greater
detail 1n the following description, including the figures,
and/or the claims. The following are shown:

FIG. 1: a diagrammatic presentation of a coating agent
line for an exemplary painting booth;

FIG. 2 a modification of the coating agent line in accor-
dance with FIG. 1;

FIG. 3 a potential curve along the coating agent line in
accordance with FIGS. 1 and 2; and

FIG. 4 a longitudinal sectional view of a painting booth.

FIGS. 1 and 4 show a coating agent line 1 that can be used
in a painting installation to paint motor vehicle body com-
ponents to guide paint to be applied from a paint supply 2 to
a rotary atomiser 3.

The rotary atomiser 3 1s guided in a conventional manner
by a multi-axis painting robot 4 which has one robot hand
axis 3, two robot arms 6, 7 and a pivotable robot member 8,
whereby the robot member 8 can be moved along a travel
rail 9 at right angles to the drawing plane.

The paimting robot 4 1s located in the painting booth
interior whilst the paint supply 2 1s arranged 1n the painting
booth exterior. The coating agent line 1 1s therefore led
through a booth wall 10 of the painting booth, whereby the
booth wall 10 separates the booth interior from the booth
exterior, which 1s known from the state of the art.

A high voltage cascade 11 1s fitted to the robot arm 6, 7
of the painting robot 4 to electrostatically charge the paint to
be applied by way of direct charging, which 1s known from
the state of the art.

The coating agent line 1 essentially consists of a largely
conventional hose 12, a ground-side connecting element 13,
a voltage-side connecting element 14 and a lance-shaped
grounding element 15 which protrudes axially into the hose
12 from the ground-side connecting element 13.

The voltage-side connecting element 14 1s connected with
the hose 12 by a connecting element, whereby the connect-
ing element may be shaped, for example, in accordance with
the patent application DE 103 13 063 Al. It is furthermore
to be mentioned that the voltage-side connecting element 14
1s connected with the high voltage cascade 11 and i1s there-
fore charged to the electrostatic charge voltage.

The ground-side connecting element 13 1s similarly con-
nected to the hose 12 by a connecting element. This con-
necting element can also be shaped in the manner described
above. Further, the ground-side connecting element 13 1s
clectrically grounded.

The grounding eclement 15 consists of an electrically
conductive, elastically pliable wire which 1s connected to the
ground-side connecting element 13 at one end and axially
protrudes 1nto the hose 12. This divides the hose 12 into a
high voltage-side hose section 16 and a ground-side hose
section 17, whereby the paint column 1n the ground-side
hose section 17 1s electrically grounded upstream before a
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free end 18 of the grounding element 15, whilst the electrical
voltage 1n the voltage-side hose section 16 increases in a
linear manner from the free end 18 of the grounding element
15 1n the direction of flow, as shown 1n FIG. 3. Therefore,
the paint column 1n the hose section 16 has a voltage U=0V
at one point x1 1n accordance with the free end 18 of the
grounding element 135, whilst the electrical voltage U at a
pomnt x2 1s U=U.., 1 accordance with the voltage-side
connecting element. Between the points x1 and x2 the
voltage U of the paint column in the hose section 16
therefore increases 1 a linear manner in the direction of
flow.

It 1s important here that the grounding element 15 has a
length such that the free end 18 of the grounding element 15
and therefore the starting point of the grounding interface 1s
located 1n the booth interior. This 1s important because a fire
protection device 1s located only inside the booth whilst
there 1s to be no additional fire protection devices exterior of
the booth. This 1s achieved by ensuring through the ground-
ing element 15 that the paint column 1s electrically grounded
outside the painting booth.

All 1 all, therefore, the coating agent line has an electr-
cally grounded line section 19 and a line section 20 which
1s on high voltage potential in operation.

FIG. 2 shows a modification of the embodiment 1n accor-
dance with FIG. 1, whereby this embodiment agrees largely
with the above-described embodiment so that reference 1s
made to the above description to avoid repetition, whereby
the same reference numbers are used for the corresponding
details.

Instead of the wire-shaped grounding eclement 15, an
grounding element 15' 1n the form of a wire coil has been
used.

Both the grounding element 15 1n accordance with FIG.
1 and the grounding element 15' 1n accordance with FIG. 2
have in common that the axial length of the grounding
clements 15 and 15' remains essentially constant 1in opera-
tion. This 1s mmportant so that the free end 18 of the
grounding element 15 or 15' i1n operation remain at a
constant location where possible within the painting booth
irrespective of the movements of the painting robot 4 and of
the direction of flow 1n the coating agent line 1. At all events,
a situation must be prevented 1n which the free end 18 of the
grounding element 135 or 15" moves such that the free end 18
1s then outside the painting booth because then a fire
protection device would be necessary outside the painting
booth.

The invention 1s not restricted to the above-described
preferred embodiments. Rather, a large number of versions
and modifications are possible which similarly make use of
the inventive idea and which therefore fall within the
protective area. In addition, the invention also claims pro-
tection for the features and the subject matter of the sub-
claims irrespective of the claims referred to.

The mvention claimed 1s:

1. A painting booth comprising: a booth wall that sepa-
rates a booth 1nterior from a booth exterior; a painting robot
located 1n the booth interior and including a voltage cascade
and a voltage connecting element to directly charge a
coating agent before the coating agent 1s atomized; wherein
said painting robot 1s a mult1 axis painting robot;

a paint supply located in the paint booth exterior and
having a ground side connecting element located 1n the
paint booth exterior;

a coating agent line connected to the paint supply and the
coating agent line 1s led through the painting robot, the
coating agent line includes an inner space for convey-
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ing the coating agent and a line wall which encom-
passes the mner space; wherein the coating agent line
runs from the booth exterior through the booth wall 1nto
the booth interior, the coating agent line directly con-
nected to the voltage connecting element, said inner
space 1s hollow, further wherein:
the coating agent line includes potential compensating
clement which 1s electrically conductive, located
entirely in the hollow 1nner space, and connected to the
ground side connecting element at one end and the
potential compensating element at an opposite end
having a free end; said free end extending axially into
the 1nner space of the coating agent line providing a
grounding interface and dividing the coating agent line
into a voltage-side section and a around-side section,

the potential compensating element extends 1n an axial
direction along the coating agent line,

the potential compensating element 1n the mner space 1s

arranged separately from the line wall, and

the potential compensating element extends from the

booth exterior through the booth wall so that the free
end of the potential compensating element 1s located 1n
the booth interior and upstream from the voltage con-
necting element.

2. The painting booth of claim 1, wherein the potential
compensating element has an axial length that 1s substan-
tially constant irrespective of the direction of flow of the
coating agent in the coating agent line.

3. The pamnting booth of claim 1, wherein the potential
compensating element 1s not compactable 1n the axial direc-
tion.

4. The painting booth of claim 1, wherein the potential
compensating element 1s flexible.
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5. The painting booth of claim 1, wherein the potential
compensating element 1s made of at least one of (a) an
clectrically conductive material, and (b) a solvent-resistant
and paint-resistant material.

6. The painting booth of claim 1, wherein the potential
compensating element extends only over a part of the length
of the coating agent line.

7. The painting booth of claim 6, wherein the potential
compensating element extends over a length of more than 50
centimeters.

8. The painting booth of claim 6, wherein the potential
compensating element 1s extended lengthwise.

9. The painting booth of claim 1, wherein the potential
compensating element 1s one of a spiral coil and a wire.

10. The painting booth of claim 1, wherein the coating
agent line 1s a flexible, elastically pliable hose.

11. The painting booth of claim 1, wherein the line wall
of the coating agent line 1s composed at least partially of an
clectrically insulating material and electrically insulates the
coating agent in the inner space.

12. The painting booth of claim 1, wherein the line wall
of the coating agent line includes a solvent-resistant and
paint-resistant material at least on an interior of the coating
agent line.

13. The painting booth of claim 1, further comprising a
fire protection device that 1s 1nstalled in the painting booth
interior.

14. The painting booth of claim 13, wherein the fire
protection device includes at least one of a sprinkler system,
a carbon dioxide extinguishing system, and a fire protection
SEeNsor.
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